The chemical synthesis of galactomuramic acid and the development of a rapid assay procedure by use of a modified commercial amino acid analyzer resulted in the observation that only glucomuramic acid occurs in the 16 gram-positive and gram-negative bacteria examined to date (5, 7) . The present report extends this survey to include over 40 species of gram-positive bacteria from a wide variety of taxonomic groups.
Walls were prepared according to standard procedures by mechanical disruption with the use of glass beads in a Biihler disintegrator (Tubingen, Germany), or by French press disruption (Mycobacteria species), or by ultrasonic treatment with an MSE 500-w disintegrator (Nocardia species). Samples of 1 to 3 mg were heated in 1 ml of 6 N HCI for 18 to 24 hr in sealed evacuated tubes suspended in a refluxing water bath. In general, better yields of most cell wall components were obtained with the longer hydrolysis times.
Samples were filtered, and HCI was removed by repeated evaporation under reduced pressure at 40 C. The residue was redissolved in water, and 1-to 0.5-mg portions were then analyzed for galactomuramic acid, glucosamine, glucomuramic acid, alanine, and glutamic acid by procedures described previously (5, 7) . An example of the cochromatographic identification of glucomuramic acid in a Streptomyces albus G cell wall hydrolysate by retention time and both ninhydrin and reducing group functions by use of these procedures is shown in Fig. 1 . (The peak appearing as a reducing compound just before diaminopimelic acid is due to a contaminant in the buffer used in this particular experiment.) No galactomuramic acid was observed in any sample examined. Only glucomuramic acid or a compound exhibiting identical mobilities, ninhydrin, and reducing group functions was observed in the amounts shown in Table 1 Models of bacterial glycans reveal that, as in chitin, hydrogen bonds extend between the C-3 hydroxyl group of N-acetylglucosamine and the C1 to C5 ring oxygen of the adjacent N-acetylglucomuramic acid, and that glycan chains which run head to tail can therefore be hydrogen-bonded (3) . The consistency of the glycan structure throughout the bacterial world indicates that this structure must be essential for the functions of the polymer and suggests that any mutation which would alter its conformation is probably lethal. Strikingly, the only variations of the peptidoglycan muramic acids so far encountered consist of substitution of C-6 hydroxyl position by an acetyl group or a phosphodiester group (2) and in the replacement of N-acetylmuramic acid by Nglycolylmuramic acid (1) or by muramic lactam (6) (7) to a cell wall preparation before hydrolysis as compared to the cell wall hydrolyzed alone. Recovery of the known muramic acids rangedfrom 70 to 80% or better. The separation was carried out on 55-cm columns of Aminex A-4 resin (Bio-Rad Laboratories, Richmond, Calif.), eluted at 68 ml/hr at S0 C with 0.2 N Na+ sodium citrate buffers at pH 3.10, followed at 70 min (the buffer change appears after alanine) by pH 4.25 buffer containing 1.5% benzyl alcohol and 3% n-propanol, on a Beckman-Spinco 120 C amino acid analyzer modified as previously described (5), to assay both ninhydrin and reducing group reactivities.
coccus lysodeikticus, the variations appear never to affect the D-gluco configuration of muramic acid.
